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PROBLEM TO BE SOLVED: To provide a magneto-resistive effect 
head wherein a gap is narrowed corresponding to a high increasing 
record density. 

SOLUTION: The magneto-resistive effect head is provided with a 
first magnetic free layer 23 and a second magnetic free layer 25 
having film surfaces arranged substantially vertical to a medium 
opposite surface, an intermediate layer 24 held between these 
magnetic free layers, a substrate layer 31, and a protective layer 32. 
The substrate layer, the first magnetic free layer, the intermediate 
layer, the second magnetic free layer, and the protective layer are 
sequentially laminated in this order. The magneto-resistive effect 
head is further provided with a magneto-resistive effect film for 
independently changing their magnetization directions in accordance 
with a signal of a magnetic flux from a medium, and exerting a 
magneto-resistive effect in accordance with the changes of the 
magnetization directions, a first electrode 22 installed to conduct 
current substantially vertically to the surface of the magneto- 
resistive effect film, and electrically connected to the substrate 
layer, and a second electrode 27 electrically connected to the 
protective layer. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st magnetization free layer and the 2nd magnetization free layer by which a film surface has been 
substantially arranged perpendicularly to a data-medium opposed face. It has an interiayer inserted among these 
magnetization free layers, a substrate layer, and a protective layer. A laminating is carried out to order of a 
substrate layer, the 1 st magnetization free layer, an interiayer, the 2nd magnetization free layer, and a protective 
layer one by one. A magneto-resistive effect film which said 1st magnetization free layer and the 2nd magnetization 
free layer change the magnetization direction independently according to signal magnetic flux from data medium, and 
demonstrates a magneto-resistive effect according to change of each magnetization direction, A magneto-resistive 
effect arm head which has the 2nd electrode electrically connected to the 1 st electrode and a protective layer 
which were prepared in order to energize current perpendicularly substantially to a film surface of said magneto- 
resistive effect film, and were electrically connected to a substrate layer. 

[Claim 2] Furthermore, a magneto-resistive effect arm head according to claim 1 which has one pair of magnetic 
shielding prepared in both sides of structure formed with said 1st electrode, said magneto-resistive effect film, and 
said 2nd electrode. 

[Claim 3] Each of one pair of said magnetic shielding is a magneto-resistive effect arm head according to claim 2 by 
which electrical connection is carried out to said 1st or 2nd electrode. 

[Claim 4] A magneto-resistive effect arm head according to claim 1 in which said interiayer is formed by conductive 
non-magnetic layer. 

[Claim 5] A magneto-resistive effect arm head according to claim 4 currently formed with at least one sort of 
metals chosen from a group which said interiayer becomes from Be, aluminum, Mg, calcium, Cu, Au, Ag, Rh, Ru, and 
Ir. 

[Claim 6] Said interiayer is a magneto-resistive effect arm head according to claim 1 which has a three-tiered 
structure including one pair of 1 st interiayers who touch said 1 st magnetization free layer or the 2nd magnetization 
free layer, respectively, and the 2nd interiayer inserted into said one pair of 1st interiayers. 

[Claim 7] It is the magneto-resistive effect arm head according to claim 6 formed from at least one sort of metals 
chosen from a group which said 2nd interiayer becomes from Be, aluminum, Mg, and calcium by forming said 1st 
interiayer from at least one sort of metals chosen from a group which consists of Cu, Au, Ag, Rh, Ru, and Ir. 
[Claim 8] A magneto-resistive effect arm head according to claim 1 in which said interiayer is formed by oxide layer. 

[Claim 9] A magneto-resistive effect arm head according to claim 8 currently formed by at least one layer chosen 
from a group which said oxide layer becomes from aluminum oxide, Si oxide, Fe oxide, Cr oxide, Ta oxide, nickel 
oxide, and a perovskite mold oxide. 

[Claim 1 0] Said oxide layer thickness is a magneto-resistive effect arm head according to claim 8 which is about 
5nm or less. 

[Claim 1 1] A magneto-resistive effect arm head according to claim 1 in which said middle class is formed by 
sandwiches film of a cascade screen of [a metal layer / oxide layer, or a CHITSU ghost layer], [a metal layer / oxide 
layer / metal layer], or a [a metal layer / CHITSU ghost layer / metal layer]. 

[Claim 1 2] A magneto-resistive effect arm head according to claim 1 1 currently formed by at least one layer chosen 
from a group which said oxide layer becomes from aluminum oxide, Si oxide, Fe oxide, a perovskite mold oxide, Ta 
oxide, Cr oxide, and nickel oxide. 

[Claim 1 3] Furthermore, a magneto-resistive effect arm head according to claim 1 which has one pair of hard bias 
films which give a magnetic anisotropy substantially to said 1st magnetization free layer and the 2nd magnetization 
free layer which were formed in both ends which meet crosswise [ of a magneto-resistive effect film containing said 
1st magnetization free layer, an interiayer, and the 2nd magnetization free layer / truck ] in the same direction. 
[Claim 14] A magneto-resistive effect arm head according to claim 1 characterized by providing the following 
Furthermore, 1 st 1 to antiferromagnetism film which is formed in contact with both ends which meet crosswise [ of 
said 1 st magnetization free layer / truck ], and gives a magnetic anisotropy to said 1 st magnetization free layer in 
the predetermined direction 2nd 1 to antiferromagnetism film which is formed in contact with both ends which meet 
crosswise [ of said 2nd magnetization free layer / truck ], and gives a magnetic anisotropy to said 2nd magnetization 
free layer in the predetermined direction 

[Claim 15] A magneto-resistive effect arm head according to claim 14 on which the direction of a magnetic 
anisotropy given to said 1st magnetization free layer with said 1st 1 to antiferromagnetism film and the direction of 
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a magnetic anisotropy given to said 2nd magnetization free layer with said 2nd 1 to antiferromagnetism film make an 
angle of about 60 degrees - 1 20 degrees mutually. 

[Claim 1 6] A magneto-resistive effect arm head according to claim 1 4 distance between said 1 st 1 to 
antiferromagnetism film and whose distance between said 2nd 1 to antiferromagnetism film are about 0.5 
micrometers or less. 

[Claim 1 7] A magneto-resistive effect arm head according to claim 1 6 distance between said 1 st 1 to 
antiferromagnetism film and whose distance between said 2nd 1 to antiferromagnetism film are about 0.2 
micrometers or less. 

[Claim 18] A vertical-magnetic-recording regenerative apparatus which has vertical-magnetic-recording data 
medium and a magneto-resistive effect arm head according to claim 1 to 1 6 which counters vertical-magnetic- 
recording data medium and is prepared. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a magneto-resistive effect arm head and a 

vertical-magnetic-recording regenerative apparatus. 

[0002] 

[Description of the Prior Art] In recent years, in magnetic-recording data medium, such as HDD, high recording 
density-ization is progressing rapidly. The record bit size recorded on a record medium with a raise in recording 
density becomes small, and signal magnetic flux is also becoming small. In order that the conventional toroidal core 
mold inductive magnetic head may detect data-medium magnetic flux indirectly according to the electromagnetic- 
induction effect through a toroidal core, it is impossible to secure sufficient sensitivity to small signal magnetic flux 
in such a condition. For this reason, the magneto-resistive effect arm head (MR head) which senses data-medium 
magnetic flux directly in recent years using a magneto-resistive effect has been put in practical use. 
[0003] In current, it has the cascade screen [a magnetization fixing layer (pin layer) / interiayer (spacer layer) / 
magnetization free layer (free layer)], and the spin bulb mold MR (SV-MR) arm head which generates a still huger 
magneto-resistive effect is making the mainstream. This SV-MR head demonstrates twice [ more than ] as many 
giant magneto-resistance as this compared with an MR head. 

[0004] The conventional SV-MR head has the structure which formed the SV-MR film through the magnetic gap 
between one pair of magnetic shielding. Moreover, the conventional SV-MR head has been used in the field of SV 
film from one pair of electrodes as the so-called CIP(Current-in-plane)-MR head which energizes sense current 
[0005] Recently, the so-called CPP(Current-perpendicular-to-plane)-MR head which energizes sense current at 
right angles to SV film surface from one pair of electrodes is proposed. Since magnetic-rreluctance rate of change 
(MR rate of change) improves further by carrying out CPP energization, a high head output is expectable. 
[0006] On the other hand, in the magnetic-recording system within a field, improvement in recording density is 
approaching the limit for the thermal agitation. For this reason, promising ** of the vertical-magnetic-recording 
system strong against a thermal agitation is carried out, and the system which combined vertical recording data 
medium and SV-MR head is proposed. 

[0007] Drawing 16 (a) and (b) are the schematic diagrams supposing using it to vertical recording data medium 
showing the structure of SV-MR head in the already proposed CIP mode. Drawing 1 7 (a) and (b) are drawings 
showing the output wave acquired by drawing 16 (a) and SV-MR head of (b), respectively. 

[0008] In these systems, narrow gap-ization between an output wave and magnetic shielding poses a problem. That 
is, it is desirable that the output wave which has a peak by magnetization transition also by the vertical-magnetic- 
recording system is acquired like the conventional magnetic-recording system within a field. Moreover, in order to 
correspond to future high recording density-ization, the thickness of SV film prepared between magnetic shielding is 
thin, and it is desirable that narrow gap-ization can be attained. 

[0009] Drawing 1 6 (a) applies a single SV-MR head to a vertical-magnetic-recording system. In drawing 1 6 (a), one 
SV-MR film 10 is formed so that the vertical recording layer 1 may be countered. The SV-MR film 10 has the basic 
structure which carried out the laminating of the 13/free layer 14 of 12/spacer layers of 11 /pin layers of 
antiferromagnetism layers. The SV-MR film 10 is arranged between one pair of magnetic shielding 15, and 16. 
[0010] In this system, as shown in drawing 17 (a), the output wave which changes in monotone corresponding to a 
record bit is acquired. In this case, in order to acquire the output wave which has a peak by magnetization transition 
like the conventional magnetic-recording system within a field, a differential circuit must be added to the 
regenerative-signal processing section. However, a differential circuit has a possibility of increasing a noise. 
Moreover, since the conventional SV-MR head had the thick antiferromagnetism layer 1 1, it had the problem that it 
was difficult to narrow-gap-ize corresponding to a future raise in recording density. 

[001 1] Drawing 1 6 (b) applies a dual stripe SV-MR head to a vertical-magnetic-recording system. In drawing 16 (b), 
one pair of SV-MR films 10 are formed so that the vertical recording layer 1 may be countered. Each SV-MR film 10 
has the same basic structure as drawing 1 6 (a) . One pair of SV-MR films 10 are arranged between one pair of 
magnetic shieldin g 15, and 16. 

[0012] He carries out differential operation of the two SV-MR films, and is trying to acquire the output wave same 
with being obtained by the conventional magnetic-recording system within a field, as shown in drawing 17 (b) in this 
system. However, in this structure, since two SV-MR films were formed into a magnetic gap, there was a problem 
that it could not respond to future high recording density-ization too. 
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[0013] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the verticaHnagnetic-re cording 
regenerative apparatus which carried the magneto-resistive effect arm head in which narrow-gap-izing is possible, 
and such an arm head corresponding to the raise in recording density. 
[0014] 

[Means for Solving the Problem] A magneto-resistive effect arm head concerning one mode of this invention The 
1 st magnetization free layer and the 2nd magnetization free layer by which a film surface has been substantially 
arranged perpendicularly to a data-medium opposed face, It has an interlayer inserted among these magnetization 
free layers, a substrate layer, and a protective layer. A laminating is carried out to order of a substrate layer, the 1st 
magnetization free layer, an interlayer, the 2nd magnetization free layer, and a protective layer one by one. A 
magneto-resistive effect film which said 1st magnetization free layer and the 2nd magnetization free layer change 
the magnetization direction independently according to signal magnetic flux from data medium, and demonstrates a 
magneto-resistive effect according to change of each magnetization direction, It is prepared in order to energize 
current perpendicularly substantially to a film surface of said magneto-resistive effect film, and it has the 2nd 
electrode electrically connected to the 1st electrode and a protective layer which were electrically connected to a 
substrate layer. 

[0015] A vertical-magnetic-recording regenerative apparatus concerning other modes of this invention has vertical- 
magnetic-recording data medium and the above-mentioned magneto-resistive effect arm head which counters 
vertical-magnetic-recording data medium and is prepared. 
[0016] 

[Embodiment of the Invention] The magnetic head concerning the operation gestalt of this invention has a magneto- 
resistive effect film containing the 1 st magnetization free layer (the 1 free layer) and the 2nd magnetization free 
layer (the 2 free layers), the interlayer (spacer layer) inserted among these free layers, a substrate layer, and a 
protective layer, and the 1 st electrode and the 2nd electrode which energize current perpendicularly substantially to 
the film surface of a magneto-resistive effect film. That is, this magneto-resistive effect film is a CPP-MR film. As 
for the 1 st free layer, the interlayer, and the 2nd free layer, the film surface is substantially arranged perpendicularly 
to the data-medium opposed face. The laminating of this magneto-resistive effect film is carried out one by one 
from the substrate side in the order of a substrate layer, the 1 st magnetization free layer, an interlayer, the 2nd 
magnetization free layer, and a protective layer. The magnetization direction of the 1 st free layer and the 2nd free 
layer changes independently according to the signal magnetic flux from data medium (preferably vertical recording 
data medium). The 1 st free layer and the 2nd free layer demonstrate a magneto-resistive effect according to 
change of the mutual magnetization direction. 

[0017] The sensing section of the magnetic head of this operation gestalt is the portion of the magneto-resistive 
effect film inserted into the 1st electrode and the 2nd electrode. Although this sensing section contains the 1st free 
layer, an interlayer, and the 2nd free layer, it does not contain the magnetic gap layer, antiferromagnetism layer, and 
magnetization fixing layer (pin layer) which consist of an insulating material. For this reason, compared with the 
conventional SV-MR film, narrow-gapHzing is easy for the magnetic head of this operation gestalt, and it can 
respond to high recording density-ization. 

[0018] The following structures are applied in order to give a magnetic anisotropy towards a request in the 1st free 
layer and the 2nd free layer. 

[0019] the [ for example, ] — the [ 1 free layer, the middle class, and ] — the both ends of the magneto-resistive 
effect film formed in 2 free layers — one pair of hard bias films — preparing — the — the [ 1 free layer and ] — 
the magnetic anisotropy of an one direction may be substantially given to 2 free layers. 

[0020] Moreover, by preparing one pair of antiferromagnetism layers in contact with the both ends of the 1 st free 
layer, and fixing magnetization of the both ends of the 1 st free layer the — the direction of a request in the center 
section of 1 free layer — a magnetic anisotropy — giving — the — the both ends of 2 free layers — touching — 
one pair of antiferromagnetism layers — preparing — the — fixing magnetization of the both ends of 2 free layers - 
- the — a magnetic anisotropy may be given towards a request in the center section of 2 free layers. In this case, it 
is desirable that the direction of the magnetic anisotropy of the 1 st free layer center section and the direction of 
the magnetic anisotropy of the 2nd free layer center section make the angle of about 90 degrees. However, what is 
necessary is for the range of the angle which the direction of the magnetic anisotropy given to two free layers 
makes just to be 60 degrees - 1 20 degrees. 

[0021] Thus, the 1st free layer and the 2nd free layer to which the magnetic anisotropy was given change the 
magnetization direction independently according to, the signal magnetic flux from data medium, and demonstrate a 
magneto-resistive effect according to change of the mutual magnetization direction. Consequently, the magnetic 
head concerning the operation gestalt of this invention can read the information recorded on data medium. In 
addition, although data-medium magnetic flux is detected by different principle according to the method of grant of 
the magnetic anisotropy to the 1 st free layer and the 2nd free layer which were mentioned above, the detection 
principle is later explained to details. 

[0022] A free layer is formed with the ferromagnetic material containing the metal layers which consist of Co, Fe, 
and nickel, or those alloy layers. More specifically, the ferromagnetic materials used for a free layer are Co90Fe10 
(at%), CoFeNi, NiFe, Fe, Co, nickel, etc. 

[0023] in order to take out the effect of spin dependence dispersion in the interior of a free layer — the — the [ 1 
free layer and ] — it is good also considering 2 free layers as the laminated structure of [a ferromagnetic layer / 
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ferromagnetic layer], the laminated structures of [a ferromagnetic layer / non-magnetic layer], or these composite 
constructions. 

[0024] Combination, such as [NiFe/CoFe], [Fe/NiFe], and [Fe/CoFe], is used for the laminating free layer of [a 
ferromagnetic layer / ferromagnetic layer]. 

[0025] In the case of the laminating free layer of [a ferromagnetic layer / non— magnetic layer], a non— magnetic layer 
is chosen from noble metals, such as Au t Ag, Cu, Ir, Ru. Rh, Pd, and Pt As a combination of [the ferromagnetic 
layer / non-magnetic layer] which increases dispersion by the interface, [NiFe/Au], [NiFe/Ag], [CoFe/Cu], [Co/Cu], 
[Fe/Au], [nickel/Au], etc. are mentioned. 

[0026] Moreover, a Ms-t product (saturation magnetization and thickness product) may be actfusted to a free layer 
using the ferry coupling free layer (synthetic free layer) which consists of [a magnetic layer / Ru / a magnetic 
layer]. 

[0027] In the operation gestalt of this invention, a substrate layer and a protective layer are prepared so that the 
magneto-resistive effect film containing the 1st free layer, an interlayer, and the 2nd free layer may be inserted. The 
specular reflection layer (speculer layer) for using the stacking tendency control layer and the electronic specular 
reflection effect of raising the crystal stacking tendency of metal layers, such as Ta, the soft magnetism substrate 
layer which raises the soft magnetic characteristics of a free layer, and a free layer, as a substrate layer or a 
protective layer is used. nicke!80Fe20 (at%) alloy (permalloy), amorphous CoZrNb, etc. are contained in a soft 
magnetism substrate layer. [Ru/Cu], [Au/Cu], Cu, a NiFeCr alloy, etc. are contained in a stacking tendency control 
layer. It is indicated by the soft magnetism substrate layer and the orientation control layer at U.S. Pat No. 
5,549,978. undercoating film A material can also be used. Cr oxide;Mn oxides, such as Fe oxide;Ta oxide;nickel 
oxide;CKs) 203, such as gamma-Fe 203 and Fe304, and Cr02, etc. are contained in a speculer layer. 
[0028] The speculer layer mentioned above can be inserted in a free layer or an interlayer. When a speculer layer or 
an insulating layer which was mentioned above is inserted into an interlayer, as a nonmagnetic conductivity 
interlayer, as for the case of Cr oxide etc., Cu layer etc. is used well. As for the thickness of the nonmagnetic 
conductivity interlayer at this time, it is desirable that it is Inm or less. A nonmagnetic conductivity interlayer may 
form only in one side of an insulator layer. By existence of a nonmagnetic conduction layer, the soft magnetic 
characteristics of the 1 st and 2nd free layer improve. 

[0029] In this operation gestalt, it is desirable to install a magneto-resistive effect film between one pair of magnetic 
shielding." if a magneto-resistive effect film is installed between one pair of magnetic shielding — output peak- 
mesial-magnitude width of face (PW50) — small — it can stop — a still better line — resolution can be obtained. 
[0030] In this case, it is desirable to connect each of one pair of magnetic shielding to the 1 st electrode or the 2nd 
electrode, and an electric target With such a configuration, an electrode and a shield can be dealt with as an 
electrode in one, the polar zone is formed into low resistance, and the effect of the heat to a CPP-MR film can be 
reduced. 

[0031] in addition, the magnetic head concerning the operation gestalt of this invention — setting — one pair of 
magnetization free layers (free layer) — a magnetic circuit — forming — an interlayer's (spacer layer) thickness — 
a line — a shield can be omitted when specifying the magnetic gap which determines resolution. 
[0032] The conductive non-magnetic material chosen from the group which consists of Be, aluminum, Mg, calcium, 
Cu, Au, Ag, Rh, Ru, and Ir is used for an interlayer. If such a conductive non-magnetic material is used, sufficiently 
long spin diffusion length about 50nm or more can be obtained, and big spin dependence dispersion can be acquired 
by the interface between a free layer and an interlayer. 

[0033] An interlayer is good also as a three-tiered structure including one pair of 1st interiayers who touch the 1st 
magnetization free layer or the 2nd magnetization free layer, respectively, and the 2nd interlayer formed so that it 
might be inserted into one pair of 1st interiayers. In this case, it is desirable to form the 1st interlayer with at least 
one sort of metals chosen from the group which consists of Cu, Au, Ag, Rh, Ru, and Ir, and to form the 2nd 
interlayer with at least one sort of metals chosen from the group which consists of Be, aluminum, Mg, and calcium. 
The 1 st above-mentioned interlayer shows big spin dependence dispersion according to the interface between a 
free layer and an interlayer. The 2nd above-mentioned interlayer shows long spin diffusion length. 
[0034] An oxide layer may be used for an interlayer in other operation gestalten of this invention. In this case, a 
magneto-resistive effect film is a tunnel mold magneto-resistive effect film containing the 1st free layer, an oxide 
interlayer, and the 2nd free layer. At least one layer chosen from the group which consists of the aluminum oxide 
203, for example, aluminum, the Si oxide 2, for example, SiO, Ta oxide, the Cr oxide 2, for example, CrO, a Fe oxide 
304, for example, Fe, and a perovskite mold oxide (LSMO), for example, LaSrMnO, is used for an oxide layer. When 
element resistance of a tunnel mold magneto-resistive effect film is taken into consideration, as for an interiayers 
thickness, it is desirable to make it about 5nm or less. 

[0035] In other operation gestalten of this invention, you may form in the middle class by the sandwiches film of the 
cascade screen of [a metal layer / oxide layer, or a CHITSU ghost layer], [a metal layer / oxide layer / metal layer], 
or a [a metal layer / CHITSU ghost layer / metal layer]. In this case, at least one layer chosen from the group which 
consists of the aluminum oxide 203, for example, aluminum, the Si oxide 2, for example, SiO, Fe oxide, Ta oxide, 
nickel oxide, a perovskite mold oxide, and a Cr oxide is used for the above-mentioned oxide layer. In this case, at 
least one layer chosen from the group which consists of Cu, Ru, Ag, Au, Ir, and Rh is used for the above-mentioned 
metal layer. The above-mentioned metal layer controls and prevents oxidation of a free layer. Consequently, the 
soft magnetic characteristics of a free layer improve and low coercive force is acquired in each free layer. 
[0036] Hereafter, the operation gestalt of this invention is explained more to details, referring to a drawing. (1st 
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operation gestalt) Drawing 1 (a) is the cross section which cut the perpendicular energization mold magneto- 
resistive effect (CPP-MR) arm head in the 1 st operation gestalt in respect of being perpendicular to a data-medium 
opposed face (ABSrair-bearing surface). In x, in this drawing, z shows [ as opposed to / in the direction of truck 
length, and y / a data-medium opposed face ] a perpendicular direction as opposed to the truck cross direction. 
This CPP-MR head is used for a vertical-magnetic-recording system. 

[0037] As shown in drawing 1 (a), this CPP-MR head has the structure which carried out the laminating of the lower 
magnetic shielding 21, the 1st electrode 22, the substrate layer 31, the 1st magnetization free layer (the 1 free 
layer) 23, the spacer layer 24 formed by the conductive non-magnetic material, the 2nd magnetization free layer 
(the 2 free layers) 25, a protective layer 32, the 2nd electrode 26, and the up magnetic shielding 27 one by one. 
[0038] The film surface of the 1st free layer 23 which constitutes a CPP-MR film, the 2nd free layer 25, and the 
spacer layer 24 pinched by them is almost perpendicular to the data-medium opposed face. According to the signal 
magnetic flux by which the 1 st free layer and the 2nd free layer are recorded on magnetic-recording data medium, 
magnetization answers freely. Magnetic-reluctance change occurs with the angle which the magnetization direction 
of the 1 st free layer 23 and the 2nd free layer 25 makes, and data-medium magnetic flux can be read so that it may 
mention later. 

[0039] the [the 1st electrode 22. the substrate layer 31, and ] — the [ 1 free layer 23, the spacer layer 24, and ] — 
the insulator layer 28 is formed in the location distant from ABS of 2 free layers 25, a protective layer 32, and the 
2nd electrode 26 in the direction of z. Current is passed by the CPP-MR film at right angles to a film surface with 
the 1 st electrode 22 and the 2nd electrode 26. The metal or alloy mainly chosen from Cu t Au, Ag, and Ta is used for 
the material of these electrodes, this CPP-MR head — the existence of magnetic shielding — not being concerned 
— a good line — since resolution is obtained, it is not necessary to necessarily prepare magnetic shielding however, 
the direction in which magnetic shielding 21 and 27 was formed — a line — since resolution can be improved more, 
it is desirable. 

[0040] Drawing 1 (b) is the plan which looked at the CPP-MR film portion of the CPP-MR head shown in drawing 1 
(a) from ABS. The CPP-MR film containing the 1st free layer 23, the spacer layer 24, and the 2nd free layer 25 is 
installed between one pair of hard bias films (hard film) 29 and 30. As for the 1 st free layer 23 and the 2nd free layer 
25, a bias magnetic field is impressed so that a magnetic anisotropy may be given to an one direction by the hard 
films 29 and 30. 

[0041] The output device of the CPP-MR head of this operation gestalt is explained. Drawing 2 (a) - (c) is a mimetic 
diagram explaining change of the magnetization direction of the magneto-resistive effect film to data-medium 
magnetic flux. These drawings indicate the vertical recording layer 1 to be MR film containing the 1st free layer 23, 
the spacer layer 24, and the 2nd free layer 25 along the direction of truck length. Drawing 2 (a) shows the case 
where it runs the upper part of a record magnetic domain where in drawing 2 (b), as for drawing 2 (c), down 
magnetization continues [ an arm head ] when an arm head runs the upper part of the transition region of rise 
magnetization and down magnetization, when an arm head runs the upper part of a record magnetic domain where 
rise magnetization continues. 

[0042] Drawin g 2 (a) According to change of the relative location to data medium of MR film shown in - (c), the 
magnetization direction of the 1st free layer and the 2nd free layer changes as follows according to the direction of 
the record magnetization in data medium. As shown in drawing 2 (a), when rise magnetization continues in data 
medium, magnetization of the 1st free layer and the 2nd free layer becomes parallel to the sense and each other in 
both the rise directions. As shown in drawing 2 (b), in the transition region of data-medium magnetization, 
magnetization of the 1 st free layer by the side of leading changes in the down direction, and magnetization of the 
2nd free layer by the side of trailing does not change with the rise direction. Therefore, the magnetization direction 
of the 1 st and 2nd free layers becomes anti-parallel mutually. As shown in drawing 2 (c), when down magnetization 
continues in data medium, magnetization of the 1st free layer and the 2nd free layer becomes parallel to the sense 
and each other in both the down directions. 

[0043] The output wave (deltaV=I-deltarho) of the CPP-MR head of this operation gestalt is typically shown in 
drawing 3 . The output value shown by (a) in drawing 3 , (b), and (c) supports the condition of drawing 2 (a), (b), and 
(c), respectively. 

[0044] The output wave shown in drawing 3 is almost the same as what is obtained by the magnetic-recording 
system within a field which used the conventional MR head. Therefore, it is possible to sense record magnetization, 
without changing the circuit and system of the regenerative-signal processing section in a magnetic-recording 
regeneration system. 

[0045] Drawing 4 is drawing explaining the principle from which the output wave shown in drawing 3 is acquired. This 
drawing supports drawing 2 (b) and magnetization of the 1 st free layer and magnetization of the 2nd free layer are 
making the angle theta. 

[0046] here — the — the [ 1 free layer and ] — rhoAP and the maximum resistance variation are set to 
deltarhomax for the electric resistance at the time of being rhoP and anti-parallel about the electric resistance of a 
magneto-resistive effect film when the magnetization direction of 2 free layers is parallel. At this time, resistance 
change deltarho is expressed with a degree type using the angle theta of drawing 4 which the magnetization 
direction of the 1 st free layer and the 2nd free layer makes. 
[0047] 

deltarho=deltarhomax-cos(theta/2) = (rhoAP-rhoP), cos (theta/2) (1) 

In addition, delta rho=rho P-MR can also express deltarho using MR rate-oFchange:MR=(rhoAP-rhoP)/rhoP. 
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[0048] Therefore, output change deltaV is expressed with a degree type. 
[0049] 

delta V=I-delta rho=l -(rhoAP-rhoP)- cos (theta/2) (2) 

(2) deltaV is obtained by only the movement toward magnetization of the 1 st and 2nd free layer as shown in a 
formula. However, the movement toward magnetization of a free layer is dependent also on distribution of data- 
medium magnetic flux in fact. 

[0050] When designing a CPP-MR head, it becomes important to set up appropriately the coercive force (He) of a 
data-medium film, the transition length on data medium (TL), the distance between magnetic data medium and an 
arm head (MS), the half-value width (illustrated by PW50 and drawing 6 ) of a pulse, and the thickness (tspacer) of a 
spacer layer. 

[0051] The thickness of a spacer layer is determined by the spin diffusion length within a spacer layer. Since output 
pulse width of face will spread if the thickness of a spacer layer becomes thick, it is not desirable. On the contrary, 
if the thickness of a spacer layer becomes thin, the magnetic-flux suction effectiveness of an MR head will fall. In 
order to improve magnetic-flux suction effectiveness, it is necessary to set up the dimension of a CPP-MR film 
appropriately. 

[0052] The parameter of the CPP-MR head in the 1 st operation gestalt and a record medium is shown in drawing 5 
(a). Here, as shown in drawing 5 (a), thickness of mu and a spacer layer is set [ the depth (depth) of a CPP-MR 
element / the attenuation length of D and magnetic flux / the thickness of FD and a free layer ] to tspacer for the 
permeability of tfree1=tfree2=tf and a free layer. At this time, the attenuation length of the magnetic flux in the 
CPP-MR head which has not prepared the shield is given by the degree type. 
[0053] 

[Equati on 1] 

FD = Jr - 2= (3) 



[0054] According to our research, the thickness of a spacer layer is understood that it is desirable that they are 
[ 2nm or more ] 50nm or less and 5 morenm or more 30nm or less. Magnetic-flux suction effectiveness falls that the 
thickness of a spacer layer is less than 2nm, and an output declines. If the thickness of a spacer layer is larger than 
50nm, MR rate of change will fall. 

[0055] The thickness of a spacer layer is given by the degree type from a formula (3). 

[0056] 

[Equation 2] 

W = (4) 

Therefore, it is desirable for the right-hand side of a formula (4) to fill the following relation. 

[0057] 

[Equation 3] 

2(n m) <, " <; 50<nm> (5) 
u. • tf 

[0058] Since it is set to mu= 100 and tf=2nm-10nm in the case of the recording density of 100 or more Gbpsis, 
attenuation length FD becomes 14(nm) <=FD<=1 60(nm). 

[0059] In order to raise magnetic-flux effectiveness, as for the depth D of MR film, it is desirable that it is larger 
than attenuation length FD, and it is desirable to fulfill the conditions of D>=FD. In this case, only the depth of a free 
layer may be lengthened. Moreover, the effect of improving magnetic-flux effectiveness effectually like the case 
where did not lengthen the depth D of MR film but the depth D of MR film is lengthened also by forming the 
posterior part flux guide 33 in the posterior part of the MR film 20 as illustrated to drawing 5 (b) is acquired. In this 
case, when the length of the posterior part flux guide 33 is set to GD, it is desirable to fulfill the conditions of 
D+GD>=FD. Therefore, it is desirable that it is D>=160nm or D+GD>=160nm in the recording density of 100 or more 
Gbpsis. 

[0060] Next, the example which estimated concretely the output at the time of using the CPP-MR head shown in 
drawing 5 (a) is explained. 

[0061] About the CPP-MR film, NiFe/CoFe was used for the 1st and 2nd free layers 23 and 25, Cu was used for the 
spacer layer 24, and it considered as a length of L= 100nm of thickness tspacer=20nm of 2= 5nm of thickness 
tfree1=tfree(s) of a free layer, and a spacer layer, D= 100nm of depths, and the truck cross direction. They could be 
thickness tbias=40nm of a hard bias film, and residual magnetization Mrbias=500emu/cc at the hard bias films 29 
and 30 (magnetization has fixed to the one direction) using the CoCrPt film. Data medium is the laminated structure 
of the vertical recording layer 1 and the soft magnetism backing layer 2, and was set to thickness trecord=10nm of a 
record layer, residual magnetization Mrrecord=400emu/cc, and thickness tsoft=10nm of a backing layer. Transition 
of the magnetization between bits was assumed with the tanh mold, and could be transition length TL=10nm. a 
CPP-MR head and data medium are magnetic — it could be spacing MS=10nm. 

[0062] The output wave acquired by drawin g 6 on condition that the above is shown. In drawing 6 , (a) is [ those 
with a shield (shield gap: 70nm) and (c of shield nothing and (b)) ] with a shield (shield gap: 50nm). PW50 which is the 
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half-value width of an output becomes small as are shown in drawing 6 and a shield gap becomes narrow. In addition, 
although the peak value of an output also falls, it is a satisfactory degree as a shield gap becomes narrow. 
[0063] (2nd operation gestalt) Draw ing 7 is the cross section which cut the CPP-MR head in the 2nd operation 
gestalt in respect of being parallel to a data-medium opposed face. An insulating layer 42 is formed on the lower 
shield 41, the part is etched, and the 1st electrode 43 of the pillar configuration which touches the lower shield 41 is 
embedded there. The 1st 1 to antiferromagnetism layer 44a and 44b by which patterning was carried out is formed 
on the both-sides section of an insulating layer 42 along the truck cross direction (the direction of y) centering on 
the 1 st electrode 43. The substrate layer 55 is formed on the 1 st electrode 43, an insulating layer 42 and 
antiferromagnetism layer 44of ** 1 st a, and 44b. On the substrate layer 55, the CPP-MR film containing the 1 st free 
layer 45, the spacer layer 46, and the 2nd free layer 47 is formed, the — a part of 2 free layers 47 — the protective 
layer 57 is formed upwards, the truck cross direction (the direction of y) — meeting — the — the both-sides 
section of 2 free layers 47 is touched, and the 2nd 1 to antiferromagnetism layer 48a and 48b by which patterning 
was carried out is formed. An insulating layer 49 is formed on a protective layer 57 and antiferromagnetism layer 
48of ** 2nd a, and 48b, the part is etched, and the 2nd electrode 50 of the pillar configuration which touches the 
2nd free layer 47 is embedded there. The up shield 51 is formed on an insulating layer 49 and the 2nd electrode 50. 
[0064] The material same with having explained in the 1st operation gestalt can be used for a free layer and a 
spacer layer. 

[0065] As a material of a substrate layer and a protective layer, soft magnetic materials [ and ] (permalloy), for 
example, NiFe, such as non-magnetic metal, for example, Ta, Ti, Cu, Ru, Au t Cr, etc., amorphous CoZrNb, etc. are 
mentioned. 

[0066] As an antiferromagnetism layer, a PtMn alloy, a PtPdMn alloy, a CrMn alloy, a CrPtMn alloy, an IrMn alloy, a 
RhMn alloy, etc. are used. The pattern of an antiferromagnetism layer can form the following methods, (i) A resist is 
removed, after forming the antiferromagnetic substance, carrying out patterning of the resist according to a 
photolithography process and forming the pattern of an antiferromagnetism layer by ion milling by using a resist as a 
mask, (ii) After carrying out patterning of the resist with photolithography, removing the protective layer on a free 
layer and forming the antiferromagnetic substance, the pattern of an antiferromagnetism layer may be formed by 
removing a resist and the antiferromagnetic substance on it by lift off. 

[0067] Si02, aluminum 203, etc. are used for the insulating layer formed between an antiferromagnetic substance 
layer and an electrode. In addition, to a free layer, an antiferromagnetism layer does not necessarily need to form an 
insulating layer, when specific resistance is large enough. Although what is necessary is just to form to one of 
electrodes at least in forming an insulating layer, forming to both electrodes is still more desirable. The size of the 
contact section of a free layer and an electrode is prescribed by opening of an insulating layer. [0068] Also in this 
CPP-MR head, the sensing section is the portion of the CPP-MR film inserted into the 1st electrode 43 and the 
2nd electrode 50. This sensing section contains the 1 st free layer 45, the spacer layer 46, and the 2nd free layer 47. 
On the other hand, the antiferromagnetism layers 44a, 44b, 48a, and 48b by which patterning was carried out are 
removed and formed from the sensing section. Therefore, a narrow gap is realizable by this CPP-MR head as well as 
the 1 st operation gestalt 

[0069] the 1st antiferromagnetism layer 44a and 44b — the — the [ which is equivalent to the sensing section 
(center section of the drawing) by fixing magnetization of the both ends of 1 free layer 45 ] — a magnetic 
anisotropy is given in the direction which makes a predetermined angle to a data-medium opposed face in 1 free 
layer 44. the same — the 2nd antiferromagnetism layer 48a and 48b — the — the [ which is equivalent to the 
sensing section (center section of the drawing) by fixing magnetization of the both ends of 2 free layers 47 ] — a 
magnetic anisotropy is given in the direction which makes a predetermined angle to a data-medium opposed face in 
2 free layers 47. the — the [ 1 free layer 45 and ] — as for the direction of the magnetic anisotropy given to 2 free 
layers 47, it is desirable to measure from a data-medium opposed face and to make about 45 degrees into the 
direction which intersects perpendicularly mostly nothing and mutually. However, what is necessary is for the range 
of the angle which the direction of the magnetic anisotropy given to two free layers makes just to be 60 degrees - 
120 degrees about. 

[0070] Specifically, annealing gives a magnetic anisotropy to a free layer using the switched connection of an 
antiferromagnetism layer and a free layer. For this reason, two steps of annealing is performed so that a magnetic 
anisotropy may be given to the 1 st free layer 45 and the 2nd free layer 47, respectively. At this time, between the 
1st antiferromagnetism layer 44a and 44b and the 2nd antiferromagnetism layer 48a and 48b, thickness is changed, 
or a presentation is changed and the temperature characteristic of blocking temperature and a switched connection 
magnetic field is adjusted so that the magnetic anisotropy given to the 1 st free layer 45 may not be influenced by 
the 2nd-step annealing. 

[0071] When controlling the magnetic anisotropy of a free layer by one pair of antiferromagnetism layers by which 
patterning was carried out to be shown in drawing 7 , it is desirable to set up appropriately the distance L between 
two antiferromagnetic substance layers. As for the distance L between two antiferromagnetic substance layers, it is 
desirable that it is 0.5 micrometers or less. If L is larger than 0.5 micrometers, it will become difficult to control the 
magnetic anisotropy of the free layer located between two antiferromagnetism layers, it will make a free layer 
generate big coercive force, and will cause a Barkhausen noise further. Moreover, since it is generally said that spin 
bond length is 0.2 micrometers or less, as for L, it is still more desirable that it is 0.2 micrometers or less. 
[0072] Next, the principle of operation of the CPP-MR head of this operation gestalt is explained. In order to detect 
data-medium magnetic flux by the magnetic head of this operation gestalt, two methods shown below are used. 
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[0073] With reference to drawing 8 and drawing 9 , the 1 st method for detecting data-medium magnetic flux is 
explained. 

[0074] Draw ing 8 is drawing showing an example of the direction of the magnetic anisotropy given to one pair of free 
layers in the CPP-MR head of drawing 7 . In order to make an understanding easy, the 1 st free layer 45 and the 2nd 
free layer 47 are lined up side-by-side, and this drawing shows them. However, the 1 st free layer 45 and the 2nd 
free layer 47 have lapped in fact. In the direction of the magnetic anisotropy of about +45~degree slanting facing up 
and the 2nd free layer 47, in drawing 8 , the direction of the magnetic anisotropy of the 1 st free layer 45 serves as - 
45 degree slanting facing up of abbreviation to the data-medium confrontation side to the data-medium 
confrontation side. Therefore, the direction of the magnetic anisotropy of the 1 st free layer 45 and the direction of 
the magnetic anisotropy of the 2nd free layer 47 lie at right angles mostly. 

[0075] Drawing 9 is drawing showing the output wave by the CPP-MR head which has one pair of free layers to 
which the magnetic anisotropy was given like drawing 8 . 

[0076] the case where an arm head runs the upper part of a record magnetic domain where rise magnetization 
continues — the — the [ the magnetization direction of 1 free layer 45, and ] — since the magnetization direction 
of 2 free layers 47 becomes parallel mutually toward both the rise directions, output voltage shows the minimum 
value called -Vpp. 

[0077] Since the magnetization direction of the 1st free layer 45 and the magnetization direction of the 2nd free 
layer 47 have intersected perpendicularly mostly when an arm head runs the upper part of a magnetization transition 
region, output voltage is about 0. 

[0078] the case where an arm head runs the upper part of a record magnetic domain where down magnetization 
continues — the — the [ the magnetization direction of 1 free layer 45, and ] — since the magnetization direction 
of 2 free layers 47 is level and becomes anti-parallel mutually, output voltage shows a peak price called +Vpp. 
[0079] By detecting signal magnetic flux as mentioned above, the magnetization direction of the record bit of a 
record medium is directly detectable, the case where this principle of operation is used — magnetic flux — the — 
the [ 1 free layer 45 or ] — since it flows from 2 free layers 47 to the lower shield 41 or the up shield 51. it is 
necessary to prepare one pair of magnetic shielding 

[0080] With reference to drawing 10 and drawing 1 1 , the 2nd method for detecting data-medium magnetic flux is 
explained. 

[0081] Drawing 10 is drawing showing other examples of the direction of the magnetic anisotropy given to one pair 
of free layers in the CPP-MR head of drawin g 7 . In the direction of the magnetic anisotropy of about +45-degree 
slanting facing up and the 2nd free layer 47, in drawing 1 0 , the direction of the magnetic anisotropy of the 1 st free 
layer 45 serves as -45 degree slanting facing down of abbreviation to the data-medium confrontation side to the 
data-medium confrontation side. Therefore, the direction of the magnetic anisotropy of the 1st free layer 45 and the 
direction of the magnetic anisotropy of the 2nd free layer 47 lie at right angles mostly. 

[0082] Drawing 1 1 is drawing showing the output wave by the CPP-MR head which has one pair of free layers to 
which the magnetic anisotropy was given like drawing 10 . 

[0083] the case where an arm head runs the upper part of the transition region to the rise magnetization from down 
magnetization — the — the [ the magnetization direction of 1 free layer 45, and ] — since both the magnetization 
directions of 2 free layers 47 are level and become parallel, output voltage shows the minimum value called -Vpp. 
[0084] Since the magnetization direction of the 1 st free layer 45 and the magnetization direction of the 2nd free 
layer 47 have intersected perpendicularly mostly when an arm head runs the upper part of a record magnetic domain 
where rise magnetization or down magnetization continues, output voltage is about 0. 

[0085] When an arm head runs the upper part of the transition region to the down magnetization from rise 
magnetization, the magnetization direction of facing up and the 2nd free layer 47 is downward, and since it becomes 
anti-parallel mutually, as for the magnetization direction of the 1st free layer 45, output voltage shows a peak price 
called +Vpp. 

[0086] By detecting signal magnetic flux as mentioned above, the transition region of a record bit is detectable, the 
case where this principle of operation is used — magnetic flux — the — the [ from 1 free layer 45 ] — the [ 2 free 
layers 47 or ] — the [ from 2 free layers 47 ] — since it flows to 1 free layer 45, it is not necessary to necessarily 
prepare one pair of magnetic shielding 1 
[0087] (Other operation gestalten) Drawin g 1 2 is the cross section which cut the CPP-MR film used for the CPP- 
MR head of other operation gestalten in respect of being perpendicular to a data-medium opposed face. The 
laminating of the substrate layer 31, the 1st free layer 23, the spacer layer 24, the 2nd free layer 25, and the 
protective layer 32 is carried out by the CPP-MR film of drawing 12 like drawing 1 (a), however — the CPP-MR film 
of drawing 12 — the spacer layer 24 — respectively — the — the [ 1 free layer 23 or ] — it has a three-tiered 
structure containing 2nd spacer layer 24b formed so that it might be inserted into 1 pair of 1st spacer layer 24a 
which touches 2 free layers, and 1 pair of 1st spacer layer 24a. 

[0088] As mentioned above, the thickness of a spacer layer is very important when designing the CPP-MR head 
concerning the operation gestalt of this invention. Therefore, also in order to increase the flexibility of layout, it is 
desirable to choose the material which can set spin diffusion length to a spacer layer long enough. 
[0089] An alloy which contains the metal or them which spin diffusion length becomes from an element with small 
atomic weight like aluminum, Mg, Be, and calcium as a long material is mentioned. The spin diffusion length of 
aluminum, Mg, Be, and calcium is about 200nm at a room temperature. Therefore, it is appropriate to use aluminum 
or Mg layer for a part of spacer layer. Moreover, materials, such as Cu, Au, Ag, Rh, Ru, Ir, etc. with low conductivity. 
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are also long, and its spin diffusion length is desirable as a material of a spacer layer. With these materials, it is 
thought as a result of our research that there is 50nm or more of spin diffusion length. 

[0090] As a desirable laminated structure, the three-tiered structure of [the 1st spacer layer / the 2nd spacer 
layer / the 1st spacer layer] is mentioned especially. The metal chosen from Au t Cu, Ag, Rh, Ir, and Ru is used for 
the 1st spacer layer. The metal chosen from aluminum, Mg, Be, and calcium is used for the 2nd spacer layer. In this 
laminated structure, the 2nd spacer layer adjusts spin diffusion length, and the effect of spin dependence dispersion 
is given in an interface with the 1 st spacer layer, the 1 st free layer, or the 2nd free layer. 

[0091] In order to lengthen spin diffusion length as much as possible, as for the thickness of the 1st spacer layer, it 
is desirable that it is lOnm or less. As for the thickness of the 2nd spacer layer, it is desirable that it is 200nm or 
less so that it may become shorter than spin diffusion length. 

[0092] Moreover, when the spin diffusion length in a free layer also takes into consideration, as for the sum total of 
the thickness of the free layer of a CPP-MR film, and a spacer layer, it is desirable that he is 50% or less of the spin 
diffusion length of the 2nd spacer layer. Here, the thickness of a free layer means the thickness of the portion which 
contributes to spin dependence dispersion. That is, in the case of a simple free layer, in the case of all thickness 
and a synthetic free layer, the thing of the thickness which totaled the thickness of Ru layer and the thickness of 
the magnetic layer by the side of a spacer layer is pointed out. 

[0093] The magneto-resistive effect film shown in drawing 1 3 or drawing 14 can also be used for the magneto- 
resistive effect arm head concerning other operation gestalten of this invention. 

[0094] Drawing 1 3 is the cross section of the tunnel mold magneto-resistive effect film (TMR) which carried out the 
laminating of the spacer layer 62 and the 2nd free layer 63 which were formed with oxides, such as the 1 st free 
layer 61 and aluminum 203. When element resistance is taken into consideration by the TMR film, as for the 
thickness of the spacer layer 62, it is desirable that it is 5nm or less. At least one layer chosen from perovskite 
mold oxides, such as Fe oxides, such as aluminum oxides, such as aluminum 203, and Fe 304, and LSMO, can be 
used for the spacer layer 62. 

[0095] Although drawing 14 is a TMR film which has the same structure as drawing 13 , the layered product of 
[CHITSU ghost layer 62b / metal layer 62a / oxide layer, or metal layer 62a] is used for it as a spacer layer 62. A 
middle oxide layer or CHITSU ghost layer 62b does not necessarily need to be a continuation film, and may be 
discontinuous. It can check whether oxide layer or CHITSU ghost layer 62b is a continuation film by electron 
microscope observation. 

[0096] Next, the magnetic-head assembly which carried the CPP-MR head concerning this invention, and the 
magnetic disk drive which carried this magnetic-head assembly are explained. 

[0097] Drawing 1 5 (a) is the perspective diagram of a magnetic-head assembly which carried the CPP-MR head. An 
actuator arm 201 has the bobbin section which the hole for being fixed to the fixed shaft in a magnetic disk drive is 
prepared, and holds the drive coil which is not illustrated. The suspension 202 is being fixed to the end of an 
actuator arm 201. The head slider 203 which carried the CPP-MR head is attached at the tip of a suspension 202. 
Moreover, the writing of a signal and the lead wire 204 for reading are wired in a suspension 202, the end of this lead 
wire 204 is connected to each electrode of the CPP-MR head included in the head slider 203, and the other end of 
lead wire 204 is connected to the electrode pad 205. 

[0098] Drawing 15 (b) is the perspective diagram showing the internal structure of the magnetic disk drive which 
carried the magnetic-head assembly shown in drawing 15 (a). A spindle 212 is equipped with a magnetic disk 21 1, 
and it rotates by the motor which answers a control signal from the driving gear control section which is not 
illustrated and which is not illustrated. It is fixed to the fixed shaft 213 and the actuator arm 201 is supporting the 
suspension 202 and the head slider 203 at the tip. If a magnetic disk 21 1 rotates, the data-medium opposed face of 
the head slider 203 will be held where specified quantity surfacing is carried out from the surface of a magnetic disk 
21 1, and will perform informational record playback. The voice coil motor 214 which is one sort of a linear motor is 
formed in the end face of an actuator arm 201. A voice coil motor 214 consists of magnetic circuits which consist of 
the permanent magnet and opposite yoke which have been countered and arranged so that the drive coil which was 
able to be wound up in the bobbin section of an actuator arm 201, and which is not illustrated, and this coil may be 
put An actuator arm 201 is held by the ball bearing which was prepared in two upper and lower sides of the fixed 
shaft 213 and which is not illustrated, and has come to be able to perform a rotation slide free with a voice coil 
motor 214. 
[0099] 

[Effect of the Invention] As explained above, according to this invention, narrow gap-ization is attained and the 
magneto-resistive effect arm head which can respond to high recording density-ization, and the magnetic recorder 
and reproducing device which has this magneto-resistive effect arm head can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The cross section which cut the perpendicular energization mold magneto-resistive effect (CPP-MR) 
arm head in the 1 st operation gestalt in respect of being perpendicular to a data-medium opposed face, and the plan 
which looked at the CPP-MR film of this CPP-MR head from the data-medium opposed face. 
[Drawing 2] The mimetic diagram for explaining change of the magnetization direction of the magneto-resistive 
effect film to data-medium magnetic flux about the CPP-MR head in the 1 st operation gestalt 
[ Drawin g 3] Drawing showing typically the output wave of the CPP-MR head in the 1 st operation gestalt 
[Drawing 4] Drawing for explaining the principle from which the output wave shown in drawing 3 is acquired. 
[Draw ing 5] For (a), (b) is drawing showing the parameter of the CPP-MR head in the 1st operation gestalt, and a 
record medium, and drawing showing the condition of having prepared the posterior part flux guide in the CPP-MR 
head in the 1 st operation gestalt 

[Drawing 6] Drawing showing the output wave acquired on condition that drawing 5 (a). 

[Drawing 7] The cross section which cut the CPP-MR head in the 2nd operation gestalt in respect of being parallel 
to a data-medium opposed face. 

[Drawing 8] Drawing showing an example of the direction of the magnetic anisotropy given to one pair of free layers 
in the CPP-MR head of drawing 7 . 

[Drawing 9] Drawing showing the output wave by the CPP-MR head which has one pair of free layers to which the 
magnetic anisotropy was given as shown in drawing 8 . 

[Drawing 10] Drawing showing other examples of the direction of the magnetic anisotropy given to one pair of free 
layers in the CPP-MR head of drawing 7 . 

[Drawing 11] Drawing showing the output wave by the CPP-MR head which has one pair of free layers to which the 
magnetic anisotropy was given as shown in drawing 10 . 

[D rawing 12 ] The cross section of the CPP-MR film in other operation gestagen. 
[Drawing 1 3] The cross section of the TMR film in other operation gestalten. 
[D rawing 14] The cross section of the TMR film in other operation gestalten. 

[Drawing 15] The perspective diagram of a magnetic-head assembly which carried the CPP-MR head concerning 1 
operation gestalt of this invention, and the perspective diagram showing the internal structure of a magnetic disk 
drive. 

[Drawing 1 6] The schematic diagram showing the structure of the conventional SV-MR head. 
[Drawing 17] Drawing showing the output wave acquired by SV-MR head. 
[Description of Notations] 

1 — Vertical recording layer 

2 — Soft magnetism backing layer 

10 — SV-MR film 

1 1 — Antiferromagnetism layer 

12 — Pin layer 

13 — Spacer layer 

14 — Free layer 

15 16 — Magnetic shielding 

21 — Lower magnetic shielding 

22 — The 1 st electrode 

23 — The 1 st magnetization free layer (the 1 free layer) 

24 — Nonmagnetic interlayer (spacer layer) 

25 — The 2nd magnetization free layer (the 2 free layers) 

26 — The 2nd electrode 

27 — Up magnetic shielding 

28 — Insulator layer 

29 30 — Hard bias film (hard film) 

31 — Substrate layer 

32 — Protective layer 

33 — Posterior part flux guide 
41 lower shield 
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42 insulating layers 
The 43 1st electrode 

44a and 44b — the 1st antiferromagnetism layer 

The 45 1 st free layers 

46 spacer layers 

The 47 2nd free layers 

48a and 48b — the 2nd antiferromagnetism layer 

49 insulating layers 

The 50 2nd electrode 

51 up shield 

55 substrate layers 

57 protective layers 

The 61 1st free layers 

62 spacer layers 

62a metal layers 

62b oxide layer or a CHITSU ghost layer 
The 63 2nd free layers 



201 


— Actuator arm 


202 


— Suspension 


203 


— Head slider 


204 


— Lead wire 


205 


— Electrode pad 


211 


— Magnetic disk 


212 


— Spindle 


213 


— Fixed shaft 


214 


— Voice coil motor 



[Translation done.] 
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y H (MRA7 H) /^fflffcSftT^*:., 

[0003] [8Mr;H*Ji (t>n) /*P^ 

m (x^-D-m) /mts&m (7U-n> ] <t^3« 

>/\*;^IMR (SV-MR) s\y H#±Sft£&LT^ 
^OSV-MR^'y HttMR^-y KtCj±'<T2<g^ 
±©g*&^}gtrt^£§E»-rs. 

[0 0 0 4] f^OSV-MR^FIl l;tt©£8§l-> 

vtcffifett-rz. sfc, »©sv-MR^rai 

#©mg^<E,SVI«©MrtKir>xm^£iiST^ ^ 
bi$5C I P (Current-in-plane) -UR^\y H£LT 

[0 0 0 5] «jfi-C«, 1 # OflA^ less: 
lC-fe>7.m«E£ii«-r£K HbWCPP (Current-pe 
rpendicular-to-plane) -MR'vy H#if^£nT^ 
-5. CPPItf 3£<hlCJ;D££t£l8mJgia^L* 

(MR^« &m±?Z<DT. Hffi^WIS 

[0 0 0 6] —75. ®rtffi^l2®->X^A{C*3tiXtt, 

3fU ^fif2®i&#<tSV-MR^ H<h£m*^fcrtt 
fci>X5rA>WfSii£*lT^-5. 
[0 0 0 7] 01,6 (a) (b) fi, mmmmm 

ti-5G I Pt-KCSV-MR^ HO«ig$:^-r«lBS 
0T&3. HI 7 (a) &J;tf (b) tt, ^n^nil 
6 (a) :fcj;tf (b) ©SV-MRA^ HlCfcDW^tl 

[0 0 0 8] cne>CDv-XxAtC*3^T«> ttS2f&JEM3 

[O p 0 9] 016 (a) «SiS^fBS->X^A{C-> 
>tf)VS V-MRA^ HSrJifflbfcfeOTafe-&. 016 

(a) tc&vvr, Sififfi^i ic*f|6jf^ e fc'5tc:, 10 

©S V-MRll Oi&Wt&ftTHS. SV-MRI1 

on raittii i/tr>jf 1 3/ 

7U-114 £«Jf #1" SV-MR 

lion i K 1 5 . 16F B 1(CgBa^n 

[0 0 10] ^©->XtATI1 017 (a) fca^tt 

c©j#£, «e*©Brtfi8^i2@->7>^A 



t^OSV-MRAyHIUI^Wi 
1 1 £W-r5fc#> ^©itSfE^^tlCttJfcLTSJ^ 

[0011] 016 (b) tt^ttffiB^jE&v-T^AK^ 
j7JP - Xl^ysV-MRA^ H£j§JBL;fc*>©T 
$5. 016 (b) ICfet^T* Sifteft-J| 1 »C*ffa-T-3 
«fc5lC. l*t©S V-MRfil Ort^ttSnTH*., # 
SV-MRliptt 016 (a) iH«&a##§it£ 

^-r^>. i»©sv-mriioh m<Dm%^-)v 

HI 5, 1.6F B 1lcBBS$nT^^„ 
[0 0 12] r©yXfAt(l 2O0SV-MRIS 
Mftftfl^itX. 017 (b) K7KSn-5«k51Ct£5fcOT 

tt^J^lCbTl^S. L^L, ^©SiiglC&tATtt. m 

tt D tt*<ai«e*ttKft: c»i6-c *& n 3 PAH** 

[0013] 

[»W*»«f*Ui3tr.*»H] *?E?»3©Btttt, KG 

mm*£3im&im-r z>z.t.\z$>z>. 

[ 0 .0 14] 

BtrfEU lWbi a«*5«fc tx» 2 «fk e &m\tmi*fr s © 
[•0 015] -*%m<Di&<DMktz#&mnm3&&m£. 

[0 0 16] 

Htt, Sl«{teSJI («17'J-1) *J:tfJB2Wfc 

(^27U^-B) t. rtis©7u-s©ratc* 
^tcssu&semuR^. «^jgtfta*iBi©ffiimic*rLT 

t'**-r*. ^©«§[«6igS*l!gtt, CPP 
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[0 0 3 0] lttCDm^izs-frW&X&m 

TC P P -MR^(Dii©^#S:i£MT#-5o 
[0 0.3 1] ftii. ^BJWHJfi^JC^-SfiS^^ K 

ttmmz&fe't z>m-e;\z\3., -> 

[0 0 3 2] ^JftCtt. #J*.tfBe, Ah Mg> C 
a v Cu.'Au, Ag, Rh, Ru:fc<fctfl r j^ibte-S 

±5&^*tt#&tt*m£ffl^tU£. *550 nm^±© 

Pais t©^<D^®i?^^x bf >&#«ta,£^5 r i3»t 
[0.0 3 3] *tvetm i enbg ait&tt 

i <p ma tc&sn^ i o izmi&t! ntc m 2 * mm t 

u. Au, Ag, Rh. Rui5±tf I rA^^:-5i¥«k0 
£Be, Al, MgfeWCa^&^SiOIRSn 

[0 0 3 4] *56B^cD<fi(Dma^S8^i3^Tfi, 4>HMi 
tt, I17'J-1, gtfbtl I Pl?flJf*5«fctfSg2:7U-Jl£ 

a 1 ^bfefci^ttA 1 203, s i mtmtziiz.\*s i 

Oi.-Taftfltt. CrK^#)fct^«Cr02> Fel! 
KMtziix.te'F e304. fei^D^X^-f hSJ^-fbtl 
fcW«LaSrMnO (LSMO) *^^-5PJc0S 

[0035] *^ajwfi3jw*js^tc*3^Tti, warn 
iz [^mm/mmm^ft^yimmi vmmm. £ 

^. ±te©&{b#iJf icta, a 1 mmtciiZ. 

tfA 1 2O3, S i if{b^<i:^«S i 0 2 , F e IfHb 

Talflift. NilftK. to:/;*#-f hSIMt 
ID. *5J:tfC r®{b%6>&&3SJ;9Mft£tt3'>te< 

u, Ru, Ag. Au. I r. iSitfR hA>£.fc£»«k 



[0 0 3 6] E®*#Rab^e.*^<Dj|« 

mz£K>mm\znwrz>o mioygmmm) mi 
(a) «m 1 <DnffiMmz$n?2>m\&mm.mmis.&mj) 

* (C PP-MR) A>y. F£Ji#*#|p]B (ABS : air- 
bearing surface) lcgllI;&®T9J#rLfc®r®0T& 

*«ttriAh z\mft*ifam\z5iVTmw.tt$}&*-?* 

[00 3 7] El (a) tC^Stl^efc'SlC. CCCPP 
-MRA»; Ktt, T&mf5.i/—)l H 2 1 . |g 1 2 

2. TJU31. SglfiHbgig (JB17U-JI) 2 

3, mnmm&tt®-?]&f8.t<ntz7>'<— *m2Ai m 

2mt&&m (I2 7U-1) 2 5, KS13 2. %2 
1S2.6, *5 cfctf±g&®«->-;U K,2 7; &)P^«J1 b*: 

[0 0 3 8] CPP-MRI$I«5, ^17U-I 
2 3<tm2 7iJ.-®2 5,r *5j;^n6(Cj**n?)X^ 

— tf-ji 2 4 m#MfaffiizttVTmzmw. \ztt 

m:? : UHI&J:tf£2 7U'-Mt*. SB^iE 

mmmzmm2nT^&mnmstiizV£-?Tm{k& s s tc 
**-r-6.--.aa-r-*j:3fc;-*i 7U-12 3ts2 7 

U -g 2 5 <Dfi8<b7J[6)©^-r^SC=fc D^Sta^fl:^ 

[0 0 3 9] S1112 2, TlftB3 1. *i;7"J-i 
2 3. X^-*I2 4; I27U-I2 5, «1I3 
2 . *J:tfM2M2.« OAB S & z 7J(S)l'Bltlfc{4 
MICtt«6i&K2 aa^tt&tixn-s. CPP-MRKIC 
l^liS2 2^2ii2 6 J; OKBtSiSJcmgS 

*wsti-5. z\tvt>(omM<z>$tmz\z. ^tCCu, A 

u, Ag, T a ^SJ?$ n^^It fcli^ife^ffl H f. 

n-s. r©cpp-MRAy K7?tt, ss^tv'— ;i> KO* 

H 2 1 , 2 7 Zmilttrf, ^«?tg*=fc0 [S]±T^S 

[0 0 4 0] il- (b) «, El (a) »C*-TCPP- 
MR^7 HOC P P-MRKB&feAB S*^^.fe¥® 
ElTa&?>. ^17U-I23, 7>s<—V-m2 4*J«fc^ 
2 7'J-I2 5mCPP-MRill 1^<0/N-H 
A'-fTXK (A— HK) 2 9. 3 0©F B ^ClSMStlTti 
mi 7U-B2 3:fc«fctf!g2:7U-Jf 2 5«, A— 
KK2 9, 3 0ICj;D-7j|pl»C^S7jtt^##$n^ 
J;3fr. A*-f7Xfi8^*tEnjJD$n^„ 

[0 0 4 1] *SUS^©CPP-MRAy KcoffiTJtS 
IfcOHTKBt*. 0 2 (a) ~ (c) tt. 
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U=l 0 0> t f = 2nm-l Onmi&^OT, MS 
gFDfJH (nm) ^FD^160 (nm) £frZ> 0 

tO 0 5 9] «SEa**lRj±$1S:Sjt»fctt, MRlO 
T^Dtt»«FD<tDt)**l^i3jJ»iK, D 
^ F D^frSi&t 1 1 AW* l/Vio d£>i§£\ 
-S(Dx7 p XCD^^S< LTt)iK MR^(7)t 
^D^S<t/50Tttft<, 05 (b) tca^Lfcck 
5lCMRI8£2 (XD'&mz'&ffiy^yZTsX'l H3 3 £fg 

D + GDSFDO*ttSjd&tIt#»Sl/K tt 
oL lOOGbpsi «-h<D!2fi«B«TfcJU D^16 
Onm^fcttD + GD^l 6 0nmT»5ZtWil 

[0 0 6 0] #tC> 05 (a) K$tl5CPP-MR 

207U-I2 3, 25f:NiFe/CoFe, X^- 
ItB 2 4KCu£/fll^ @<DJP£ t frcel= t 

free2=5nm, itgCDiS^ t sP acer= 2 0 n 

nu r^XD= 100 nm, h ^ y ^ ^^jp]CDS £ L = 
lOOnmtbf;, 30 C — 

|fiHC»ffc**B*SnT^*) KteC o C r P t 
K A- l>VW 7Xi©JPS t bi«= 4 0 nm, 
ftMr.bias=5 0 0 emu/c c tlfc. liftttSiSE 

JP2 t record= 1 0 nm, jSBSHKbM r record — 4 U U 
emu/cc, KiT"5JI©JS2 t so h= 1 0 nm£L 
&. tj» hm<Z>ttfl;<Z>S»ttt anhSTTM&tU 
gTL=10nmilfc. CPP-MRA^Kilft© 

to o 6 2] m.6\z±m<Dgifr-cmt>nz>aij]$i&&7F; 

"f. 06lC*5^T, (a) rav-;PK&U (b) ttv 
-;H«*D (^-;Wh*WK8: 70nm), (c) tt->- 
;H«*,D (->— ;H«MjB: 5 0nm) 0 6tC^ 

[0 0 6 3] 2 (ommmm) m 7 a. g§2 ©mjg^ 
k 4 i tf7-sm©!g ng4 3 turn 

*S*t6] (y#|ri]) lceoT*fi^e4 2(DMfflllgK(D±tC. 
1 ^©/t^- - >^^nfe^ 1 ©S»l 4 4a, 4 
4biWSntH5. ^1114 3, iffiiSUf 4 2:fc<fc 



tfg!l©K3i$BteJl4 4 a, 4 4b±IC, Tfti5 5^ 
»JSES*IT«^»<5. TS&JI5 5±K, S17U-I4 5. 
X^-tl4 6*5cfcU3g2 7'J-Jf 4 7 ^tTCPP- 
MRliSM^ntV^. I2 7'J-i4 7<D-$>±\Z 

®/^-Z>^$nfcS 2 OS«l 4 8a, 48b 

48 a, 4 8 b±\ZHmm4 9tfMfc2tl. ^-©-gBri* 
X.y 9->?2tl. . ^Z\\Zf^ 2 7 'J — Jl 4 7 IC&f -5 
-MOf2fi5 0^S«e>jX$nTl^. &SU14 9 

[0 0 6 4] g*3«kt/x^— y-stcta, mi <z>m 
mmmzts^TWiwisfcV) tmmtttm&m ^-s ci 

[0 0 6 5] mifei^tlCDWibtli 
&&mtz£%.lXT a\ Ti, Cu, Ru, Au^WC 
r &£, ^e,mc^tt«ir3ffci:x.«N i F e (/t-V 
□ -f ) * i^SlC o Z r N b &«!:^^e,ns. 

[0 0 6 6] K3£GBttJI<i:LTr±, PtMn^, Pt 
PdMn^, CrMn^, Cr.PtMn^, Ir 
Mn^, RhMn^t^fflHSnS. K3$fiBteJf 
©/^->tt, VATV>£?ts.l3m\z&r)*mf8L-TZ>Z.ii 
t>*VZ%. (i) £&mtt#£/£lglU, 7* h 'J 

/**->«»J«l,;fc«, UvXhSiifS. (ii) -7 

7'J--Jf-t©«^JI£BfcSU SrJ&BI Lit 

U7h:*:7K,£oTl/^Xh43,fctf^©±©K3$fl& 

[0 0 6 7] &&m&#mtn®t<Dm\z&)&i£tiz>m 
*j. Kmt&m&7 t J-m\zMisT-i-ftit&tf,&*&^ 

v^xte.mmmomn&izzQmjz-znz. 

[0 0 6 81 IfflCPP-MRA-y H»C43(.iTt>, -fe> 
-»;/gg«m 1 mm4 3 fei^ 2 «g 5 0 \Z&3intz 
CPP-MRK©gB^T*-5. ^©-fe>v>^g6«, 
17U-14 5, X^— tJ-JB-4 6*5J;Ut^27'J-e4 
7*£tr. /V-r>^ft&S5Sittl4 4 
a, 4 4 b, 4 8 a, 4 8 b «-fe>v>i/gR^f>«-rb 
Ti^^nxi^. bfc*t 0 x, ^CCPP-MR^ 
h"Ct>, mi©SliSPS8t|W|«IC, ft^A-^T'Sr^T 
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[0086] w±©<k5ic{f^is*^m-r ^dt(:«t 

a*BI17'J-l4 5^6«27'J- 
14 7^, t&ttl27'J-I4 7*^I17'J-l4 

[0 0 8 7] (ffioftffijgffi) 01211 ftS©Sft!f6^SI 
©CPP-MRA7 H(Cffl^e>n^>CPP-MRIK^il« 
^ftffifcBifc&IiTWWl/fcWffiBT**. 01 2® 
CPP-MRilt 01 (a) tra*»c» TJM3 1. 
I17U-I2 3, X^— t)-JI 2 4, f 27U ~S 2 
5, ffilI3 2j}?il$nTU5. L#>U 012©C 

p p -MRittt, x^~ y-s 2 4 ^n-e'nsg 1 7 u 

-12 3$fcl^2 7U-It«t5 1^17^- 
f!24at, l*i©SSlX^— y-J12 4 alC&i;tt& 
<fc -5 tC0^3nfcm 2 X^— y-Jf 2 4 b t £#tr 3 JH8 

[0 0 8 8] ±ML./t<t31CX^— y-g©SypH*fi!93 
©jfeJSPSItC&SCPP-MR'N-.y H*«8fr*±T* 

fe> X^— y-BtCliXfcf>J£«[gS:+^tcS<iS«T?$ 

[0 0 8 9] Xf>tiI*SIIr«il;TBAl, M 
g. Be, C a<D£ots.m : ?m.<D'1^^7imfrt>tl:Z>& 

m£.rz\ttn*>*<£tj£ote-er&t>mtfiinz. a i , 

Mg, Be, Ca©Xt?>&fkftH ^iBT«$2 0 0n 
miSt*5. ftoT. X^~y-Jf ©— g&KA 1 £fcll 

fil^Cu, Au, Ag. Rh, Ru, I r &<!;©#&%> 
Xtf>J£»S*tg<. 7^-tMOOTtUTffSb 

<r>. i^©w?e©i!S*, £ne>©#*rmxtr>i£*fi 

[0 0 9 0] 4*fcfiF*LH«JBM)lift£LT» [117^ 

— y-i/^27^- y-g/sgix^— y-g] ©3g#§jg 
a«£ife>n-s. ^u^- y-jftcn au, cu, a 

g. Rh, I r, Ru^£>jg#?£tl-5&Jl/Wl!<A£>n 
12 7^- tUllCl!, Al, Mg, Be, Ca*>£> 

x^— y-jifcioxt^tfi&g^gu iix^-t 

■ £ SB 1 7 U -88 * Tzitm 2 7 U -g t ©^Blc *5 

[0091] 117^- y-«©^ttxtr>it«**T 

f2 7^-tl©i»H XtT>tt«(S«fcf3 ! bM< 
^C-Scfc^t, 2 0 0nmOTTWui*^l/K 
[0 0 9 2] 7U-S4>©Xlf>i£«S!gfc^2tT 

cpp-MR^©7U-stx-^— y-g©ig|jp© 

£iHl, S2 7^- yg©Xtf>ffifit:S©5 0%JWTT 



d^lT, XU-g©MJS£liXtf 
*>. igfcE:7y-g©«^lctt3t®IJS, 

x u -g©«^i;:HR uirotiix^- y-g$i©&ft 

[0093] *%w<Dm<D^mMmz&zm%Wffm%; 
*w fkh, 01 3$fc«0i 4\zBLTcm^.mmm 

[0094] 01311 fftl X'J-g6 1, Al 20 3 £ 

t'ffl8ft«i.TfiiS3nt7^- y-g 6 2 * ckt/sg 2 x u 
-16 3 ^wgLfc h >*jvmmf$.miri®%:m (tm 

R) ©^rffi0-CfeS. TMRffilTH m=?m,tn&%m.T 
5i7^-U"I6 2©iP$115nmJ^TT?fe^rt*ij(f 
£b<^. X^~ !l-i6.2(:ll tztz.iiA \ 2 03/3.£<D 
A imtm. Fe 3O4& t*©FeKffc«l, LSMOftt* 
©^D77*-f F^grtfc^£>IiR£ft3i!>fc< tfcl 

[0095] 01411 013 £imi&«3££:*rf 5T 
MRIT*5*S. X^-^l6 2tbt [Ml6 2a 
/tttI$feBf7ttl6 2 b/^Si6 2 a] © 

6 2 b Mf LfeiiKK-ris^stta^, #mnx'$> 

fc&^TH*rt»Srt>tt 4 ^SiSS&msiiCckoTtiig-r 
[0 0 9 6] ^tC, ^KtC^-SCPP -KIR'S y F£ 

[0 0 9 7] 015 (a) ttCPP-MRAyKi&M 
Lfcm^v F7-fe>^'J©£Hg0T&£. 7^fal 
-^7-A2 0 1 14, «la7VX^g@rt©@5£iiifclC@ 
^SnsfcfewA^lt'Bti, 0;*Lft<^I!)r!-r;i,£ 

«^p-r^f>sB^**r§. 7^.fii-i'7-A2 

0 1©— ffllCtt-y-X^>->3>2 0 2«3tlT^ 
-5. -y-X^>->3>2 0 2©5feSllC«CPP-MR^>v 
FfcflfBL&'Sy FX^-f ^2.0 3*tStO#lte.*XTti 

3. $/c, -y-x^>->a>2 0 2 Kim*! ©#e&2M3 

J:^K*-l?«Dffl©U- FH2.0 4*tgBH$tl, £©U — 
HIS 2 0 4©— Mil's y FX^-f ^2 0 3fc^E*tl 
fcCPP-MRAy F©SSffilC^$n, 'J — Fig 2 
0 4 OffittttttS/ty F 2 0 5 £&tt3ivrt>S. 
[0 0 9 8] 015 (b) «01 5 (a) iZ^Tm^ 
y H7t>7*'JSJWl/fcl«f-f X^SB©rtfi5«jg 
<&^-r#4«0T?S&-5. K^7 ; 'fXi7 2 1 l«Xtf>F;l^ 
2 1 2fcg*£ft, H^UA^KKSBtmfllA^oiH 

p.«#ic^S'r^0^u^^ ; E-^ic«tt)iHite-r-5. 7 

i?faI-^7-A2 0 1 llifH2 1 31C@^$tl. 
•y-X^>->3 >2 0 2i3j;D:-e©5fe)^©'\-> FX5-T ^ 
2 0 3 ££JSUTH5. JK^-C 77211 *t|51te'r'5 
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